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Abstract The purpose of this study was to understand the
effects of the July 2006 heat wave through the use of the
heat index, in mortality (all causes) and morbidity (all
causes, respiratory and circulatory diseases) in general, and
in people over 74 years and by gender, in Porto. In this
paper, the Poisson generalized additive regression model
was used to estimate the impact of apparent temperature
(heat index) and daily mortality and morbidity during the
July 2006 heat wave. Daily mortality, morbidity and heat
index were correlated with lags of apparent temperature up
to 7 days using Pearson correlation. For a 1°C increase in
mean apparent temperature we observed a 2.7 % (95 % CI:
1.7–3.6 %) increase in mortality (all cause), a 1.7 % (95 %
CI: 0.6–2.9 %) increase in respiratory morbidity, a 2.2 %
(95 % CI: 0.4–4.1 %) increase in respiratory morbidity in
women, a 5.4 % (95%CI: 1.1–6.6 %) increase in chronic
obstructive pulmonary morbidity, and a 7.5 % (95 % CI:
1.3–14.1 %) increase in chronic obstructive pulmonary
morbidity in women, for the entire population. For peo-
ple≥75 years, our results showed a 3.3 % increase (95 %
CI: 1.7–5.0 %) in respiratory morbidity, a 2.7 % (95 % CI:
0.4–5.1 %) increase in respiratory morbidity in men, a 3.9 %
(95 %CI: 1.6–6.3 %) increase in respiratory morbidity in
women, a 7.0 % (95 % CI: 1.1–13.2 %) in chronic obstruc-
tive pulmonary disease, and a 9.0 % (95 % CI: 0.3–18.5 %)
in chronic obstructive pulmonary disease in women. The
use of heat index in a Mediterranean tempered climate
enabled the identification of the effects of the July 2006
heat wave in mortality due to all causes and in respiratory
morbidity of the general population, as well as in respiratory
morbidity of individuals with more than 74 years of age.
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Introduction
Climate change projections for the twenty-first century point
towards an increase in the frequency, duration and intensity of
heat waves (Planton et al. 2008; Gosling et al. 2009; Ballester
et al. 2010) for Europe, particularly in Mediterranean
European regions (Dessai 2002, 2003; Díaz et al. 2002a, b,
2006; Meehl and Tebaldi 2004).
The high number of deaths and hospital admissions
resulting from the heat waves that have affected Europe
(Calado et al. 2004; D’lppoliti et al. 2010; Fouillet et al.
2006; Grize et al. 2005; Rooney et al.1998), the United
States (Semenza et al. 1999; Weisskopf et al. 2002) and
other parts of the World (Tan et al. 2007) during the 1990s
and the beginning of this century raises growing concerns
regarding the relationship between the effects of extreme
climatic episodes and individuals’ health.
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Therefore, the number of studies linking extreme heat
episodes with mortality and morbidity is increasing. Such
studies can be subdivided into two groups: (1) studies that,
according to this latter relationship, use temperature as an
isolated climatic variable (Ballester et al. 1997; Hajat et al.
2002; Saez et al. 1995); (2) studies that combine climatic
elements, such as temperature and relative humidity
(Almeida et al. 2010; Michelozzi et al. 2006; Schiffano et al.
2009). Thee latter group had its genesis in the work developed
by Steadman (1979a, b, 1984), which constituted a starting
point for the creation of the “Heat Index”, later adjusted by the
United States National Weather Service for use as an antici-
pation alerting system for extreme heat events.
However, the effect of high temperature on mortality and
morbidity can also be influenced by air pollution (Fischer et
al. 2004; Stedman 2004; Grize et al. 2005; Tan et al. 2010).
Increased ozone levels and particle concentration can con-
tribute towards the aggravation of the number of deaths and
hospitalizations during an extreme heat climatic episode
(Anderson et al. 1996; Rooney et al. 1998). An underlying
concern in this type of investigation lies in the identification
of the main vulnerable groups, namely, the elderly popula-
tion (Díaz et al. 2002a), which has a limited adaptation
ability towards thermal stress factors (Jendritzky 1993),
which necessitates the creation of adequate preventive
measures against the effects of heat waves. The association
between intense heat and physical debility in older people
has been recognized in different studies, which also identify
an increase in mortality when heat waves occur. During the
2006 heat wave, excess mortality among the elderly was
observed in France (Fouillet et al. 2006; Rey et al. 2007),
Vienna (Hutter et al. 2007), Holland (Huynen et al. 2001),
and Barcelona (Borrel et al. 2006). Certain causes of death
can even reflect the presence of chronic diseases that are
triggered and aggravated during heat waves (Fouillet et al.
2006). Apart from the age factor, the importance of investi-
gating individual vulnerability by gender has also been
recognized (McGeehin and Mirabelli 2001).
Taking into account the health effects resulting from heat
waves in individuals living in Mediterranean European cli-
mates, as well as those resulting from pollution concentra-
tion in Metropolitan areas, along with the progressive aging
of the population from these countries, e.g., Portugal
(Almeida et al. 2010), the objectives of this study were:
(1) To investigate the association between heat index and
daily all-cause mortality, all-cause morbidity, respira-
tory morbidity, circulatory morbidity, and their lag
time, for all-ages, > 74 years and gender in Porto,
Portugal, during the July 2006 heat wave;
(2) To determine if the levels of air pollution (ozone and
particulate matter—PM10) might exacerbate the impact
of heat waves on human-health, using modern
statistical methods accounting for the confounding
effects of ozone and PM.
Materials and methods
Study areas
The city of Porto is the second largest city in Portugal and is
located in the Great Metropolitan Area of Porto (GMAP). The
city is located in the northern region of the country, benefiting
from aMediterranean tempered climate, characterized by cold
and rainy winters with hot and dry summers. Approximately
1.6 million people live in the GMAP, which, spatially distrib-
uted, represents a population density of 1,115 inhabitants
km−2 (National Institute of Statistics 2001).
Health, climate and pollution data
Mortality data for Porto, from January to December (2002–
2007), were obtained from the National Institute of Statistics.
Mortality and daily admission counts due to all causes (except
external causes), circulatory diseases and respiratory diseases
were obtained from four hospitals within GMAP, using the
fields “all patient diagnosis related groups” (AP-DRG)—
Version 21 (Biostatistics and Medical Informatics and Health
System’s Central Administration 2001).
Admission data were classified into four groups: one
group for all-ages, another group for all-ages according to
gender, another group for people over 74 years old, and
another group for those over 74 years according to gender.
Daily meteorological variables of maximum temperature
and relative humidity for Porto were obtained from the
Meteorological Observatory of Serra do Pilar, located on
the left bank of the Douro river, in the border town of Vila
Nova de Gaia in Porto’s municipality. The distance to the
coast is approximately 5 km. Although the station is rela-
tively close to the center of Porto, it is not affected by the
construction density and traffic of the city as it is located on
the opposite bank of the Douro river, at an altitude of 93 m.
We obtained daily atmospheric concentrations for ozone
and PM10, measured at five locations (Antas, Ermesinde,
Espinho, Custóias e Leça do Balio) in the GMAP, from the
Portuguese Environment Agency (Fig. 1).
Definition of heat-wave period
Many methods exist for characterizing and definition a heat
wave (Hajat et al. 2006, Huang et al. 2010).
We defined a heat wave as a period with at least 2 consec-
utive days with a heat index equal to or above degree III (41<
HI<54). We thus identified the period from 11 to 19 July 2006
as a heat-wave. In order to calculate the heat index, defined as
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an individual’s perceived air temperature, humidity and maxi-
mum temperature data were used. The heat index measures the
evaporative heat between a typical human and the environment,
and is a more appropriate measure to determine the effect of
heat in the human body than temperature alone.
Statistical methods
Heat index
The heat index was calculated according to the following
formula (Rothfusz 1990):
HI ¼ 42:379þ 2:04901523 Tð Þ þ 10:14333127 Rð Þ
 0:22475541 T  Rð Þ  ð6:83783  103  T2Þ
 5:4481717 102  R2 þ 1:22874  103  T2  R 
þð8:5282  104  T  R2Þ  1:99 106  T 2  R2 
Where T is air temperature (°C), and R is relative
humidity (%).
Excess of mortality and morbidity
For further statistical analysis, we calculated an expected
number of admissions by determining the average number
of admissions (2002–2007, except 2006) recorded during 3
comparison weeks: the weeks prior to (3–10 July),
corresponding to (11–18 July) and following (19–26 July)
the heat wave. The expected number of admissions was
subtracted from the number of admissions observed during
the heat wave (11–18 July), in order to determine the exis-
tence of an excess in hospital admissions during the heat
wave.
Impact of heat on mortality and morbidity
We investigated the impact of heat on mortality and
morbidity due to all-causes, respiratory and circulatory
morbidity, pneumonia, COPD, acute myocardial infarc-
tion, heart failure, cerebral vascular accident, for 3 weeks,
during the week classified as an extreme heat event and
Fig. 1 Geographical context of the meteorological observatory of Serra do Pilar
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in the previous and following week, using a Poisson
regression model (Faraway 2006) for All Population,
Gender and Group Aged, expressed by the following
formula:
LOg μ½  ¼ b0 þ b1X1; where X1 represents the heat index and b0 e b1 are the regression coefficients modelsð Þ
Lag-time
Additionally, the lag-time was studied, being this under-
stood as the time interval exhibiting the highest association
between the extreme heat event on day t0 and the total
admissions on day t0+i, with i01,2,..7, through the Pearson
correlation. The lag-time is considered an important aspect
in public health studies (Hajat et al. 2002; Conti et al. 2005;
Liang et al. 2008).
Therefore, for each day of the study period (during the
heat wave, the previous and the following week) the corre-
lation between the number of deaths/admissions and the
heat index value registered (expressed by Pearson’s r) was
calculated. The lag-time varies from 0 (comparison between
the total deaths/admissions and heat index of the same day)
to 7. The lag-time is the time in days presenting the highest
correlation, according to the expression:
rm ¼ n*
P
HI*Yð Þ PHIP Yﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
n*
P
HIð Þ2  PHIð Þ2h i n*P ðY Þ2  P Yð Þ2h i
r
where rm is the correlation coefficient lagged in m days (m0
1,2…7 days); HI is the heat index concerning the period 3–
26 July 2006, and Y is value of the dependent variable
(mortality, morbidity, etc.) in the period 3–26 July 2006 if
m00, 4–27 July if m01, … in the period of 10 July–2
August 2006 if m07.
Confounding effects
In order to analyze pollution during the July 2006 heat
wave, we calculated the daily ozone concentration and
PM10 for all five monitoring stations considered in this
study, from 3 to 26 July, i.e. covering the period prior to,
during and following the heat wave (11–18 July).
Results
The calculation of HI allows the classification of tempera-
ture (°C) according to four different danger levels to which
possible physical symptoms correspond (National Weather
Service Weather Forecast Office 2011): extreme danger
(HI≥54°C) —heat stroke or sunstroke; danger (41<HI<
54)—sunstroke, muscle cramps, and/or heat exhaustion,
heatstroke with prolonged exposure and/or physical activity;
extreme caution (32<HI<41)—sunstroke, muscle cramps,
and/or heat exhaustion with possible prolonged exposure
and/or physical activity; caution (27<HI<32)—possible fa-
tigue with prolonged exposure and/or physical activity. In
our work, the heat index can be correlated to excess mortal-
ity and respiratory admissions during a heat wave episode,
as in July 2006, characterized by a combination of very high
temperatures (from 29°C to 37°C) and moderate relative
humidity values (42 % to 71 %). Thermal discomfort, which
is liable to be observed (3 days from level II and 5 days from
level III) can be explained by the combination of both these
latter climatic elements, with the net result being an apparent
temperature oscillating between 33 and 47°C.
Excess mortality and morbidity (all-ages population)
From the beginning of the extreme heat event (11 July 2006)
until its end (18 July 2006), from the group of studied
variables (mortality and morbidity), it was the number of
respiratory deaths and admissions that most closely matched
the behavior of the apparent temperature (heat index). The
circulatory morbidity tended to decrease, and morbidity due
to all-causes remained relatively constant, with few oscilla-
tions (Fig. 2).
At Porto, an excess of 107 deaths occurred during the
July 2006 heat wave, corresponding to 52 % of the expected
mortality and an increase of 2.7 % (P<0.001) for a 1°C
increase in apparent temperature. The maximum association
between heat index and mortality was felt with a lag period
of 3 days (r00.67).
Morbidity due to all respiratory diseases presented an
excess of 67 admissions, corresponding to an increase of
1.7 % (P<0.004) for a 1°C increase in apparent temperature.
The maximum effect of heat index on admissions due to
respiratory causes was seen with a lag period of 4 days
(r00.76).
The specific cause of respiratory diseases presented a
very significant excess of admissions, with an increase in
COPD of 100 % relative to the expected rate. For a 1°C
increase in apparent temperature, we observed a 5.4 %
(95 % CI: 1.0–6.6 %) increase in COPD. The maximum
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association between the heat index and COPD was observed
with a lag time of 4 days (r00.61).
For morbidity due to heart failure, we observed a nega-
tive effect from heat (r0−0.55). This maximum effect of
heat was observed without the presence of a lag period
(lag00 days). We also observed a decrease in heart failure
of 5.9 % (95 % CI: 0.6–7.7) for a 1°C increase in heat index.
For morbidity according to gender, we observed a heat
effect in all cause morbidity for men (P00.045). However,
we were not able to verify the existence of a significant
correlation (r<4.0), with or without lag, between total mor-
bidity and the heat index.
Morbidity due to all respiratory causes presented an
admissions’ excess for the female gender of 2.2 % (95 %
CI: 0.4–4.1) for a 1°C increase in apparent temperature.
For admissions due to specific respiratory causes, only
COPD revealed a statistically significant admissions’ excess
of 7.5 % for women (95 % CI: 1.3–4.1). Admissions due to
COPD registered in women noted a small correlation with
the heat index (r00.49), observed with a lag time of only
1 day (Table 1). Taking the additional effect of ozone into
account did not produce an increase in either mortality or
morbidity, regardless of the cause of admission. Moreover,
the additional effect of ozone attenuated the effect of the
heat index on respiratory morbidity. When the effect of
PM10 was added to the heat index, a statistically significant
increase was verified only for general mortality (from 2.7 %
to 4.0 %). The additional effect of PM10 resulted in a
statistically significant decrease in the heat index’s effect
on morbidity due to all-causes, as well as in circulatory
morbidity (Table 2).
Excess morbidity (ages≥75 years)
Morbidity behavior of individuals aged 75 years or above,
during the extreme heat episode, was slightly different from
that observed for the general population. Both respiratory
morbidity and circulatory morbidity showed a sharp de-
crease at 3 and 4 days after the beginning of the event,
respectively. After this drop, admissions due to respiratory
and circulatory causes revealed a galloping growth until
almost the end of the heat episode. In older individuals,
only morbidity due to all-causes behaved analogously to
the general population (Fig. 3). Excess admission in the
older fraction of the population during the extreme climatic
episode studied occurred only for general respiratory con-
ditions and COPD.
Internment due to respiratory causes of the oldest indi-
viduals in the population showed a high correlation with the
heat index (r00.74) at 4 days after the beginning of the
extreme heat event. It should be added that, for each in-
crease of 1°C of the heat index, a growth of 3.3 % in
admissions due to respiratory diseases was observed (95 %
CI: 1.7–5.0 %).
COPD rate increased about 7.0 % (95 % CI: 1.1–3.2) for
each 1°C increase in the heat index. Admissions due to
COPD also had an association with the heat index, although
this was more moderate (r00.59), with a lag effect of
2 days.
Morbidity due to the general circulatory diseases in older
individuals during the heat wave remained constant, with
just a slight decrease of 2.1 % (95 % CI: 6.1–9.7). Total
circulatory morbidity also revealed an immediate negative
association with the heat index (r0−0.45 %), with no time
lag between the beginning of the event and the effect on
admissions. We observed a decrease of 4.8 % (95 % CI: 1.1–
9.5) in admissions due to heart failure in older individuals,
and a small negative correlation (r0−0.52) without time lag.
During the July 2006 heat wave, an excess of admissions
due to respiratory diseases was observed, for individuals
aged 75 years or above, with an increased statistical signif-
icance of 2.7 % (95 % CI:0.4–5.1) for the men, and an
increase of 3.9 % (95 % CI:1.6–6.3) for women, for each
1°C increase in the heat index. A maximum correlation
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Fig. 2 Number of deaths and
admissions for the total
population occurring during
the extreme heat event (11–18
July 2006), during the previous
week (3–10 July 2006) and in
the following week (19–26
July 2006)
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between the heat index and the number of admissions due to
respiratory causes was also observed for both men (r00.56)
and women (r00.78), with a lag time of 2 and 4 days,
respectively (Table 3).
The additive effect of ozone in the heat index did not
represent an aggravating factor in the older population’s
morbidity, regardless of cause. The addition of PM10
revealed a statistically significant decrease of the effect of
the heat index on all-cause morbidity for the older popula-
tion (> 74 years). The inclusion of PM10 led to a significant
increase only in the effect of respiratory morbidity of the
population aged over 74 years (from 3.3 % to 3.4 %)
(Table 4).
Discussion
Number of heat wave days and daily temperatures
The July 2006 heat wave was characterized by the presence
of several days at level II and III of the heat index. The
physiological symptoms associated with level II (32°C–40°
C) are possible sunstroke, muscle cramps, heat exhaustion
with prolonged exposure and physical activity, while those
associated with level III (41°C–53°C) are similar, with the
possible additional occurrence of heat stroke with prolonged
exposure and/or physical activity. In this study, the use of
the heat index constituted an important criterion with which
Table 1 Excess mortality and morbidity during the heat wave that occurred from 11 July 2006 to 18 July 2006 calculated according to heat index.
O Observed, E expected, COPD Chronic obstructive pulmonary disease
Diagnosis O E (O-E) Lag time (days) r RR P
(95 % CI) (95 % CI)
Excessa Pearson correlationb Poisson regressionc
Mortalitya 313 206 107 (52 %) 3 0.67 1.027 (1.017- 1.036) <0.001**
All-cases mortality (total) 2,395 2,370 25 (1 %) — * 0.997 (0.994- 1.000) 0.065
All-cases mortality (men) 1,034 1,072 −38 (−4 %) — * 0.995 (0.990-1.000) 0.045**
All-cases mortality (women) 1,361 1,266 95 (8 %) — * 0.995 (0.994- 1.003) 0.498
Respiratory disease (total) 204 137 67 (49 %) 4 0.76 1.017 (1.006 -1.029) 0.004**
Respiratory disease (men) 117 82 35 (43 %) 3 0.68 1.014 (0.999- 1.029) 0.074
Respiratory disease (women) 87 55 32 (58 %) — * 1.022 (1.004-1.041) 0.017**
Pneumonia (total) 41 22 19 (86 %) 4 0.61 1.017 (0.991- 1.044) 0.212
Pneumonia (men) 24 12 12 (100 %) 5 0.60 1.031 (0.995- 1.068) 0.091
Pneumonia (women) 17 11 6 (55 %) 4 0.44 1.001 (0.962- 1.041) 0.973
COPD (total) 24 12 12 (100 %) 4 0.61 1.054 (0.989- 1.066) 0.006**
COPD (men) 13 8 5 (63 %) 4 0.49 1.040 (0.990 -1.091) 0.118
COPD (women) 11 4 7 (175 %) 1 0.49 1.075 (1.013 -1.141) 0.018**
Circulatory disease (total) 232 218 14 (6 %) — * 0.995 (0.897- 1.005) 0.353
Circulatory disease (men) 111 110 1 (1 %) — * 0.993 (0.979-1.007) 0.307
Circulatory disease (women) 121 108 13 (12 %) — * 0.998 (0.984-1.012) 0.775
Acute myocardial infarction (total) 15 19 −4 (−21 %) — * 0.965 (0.926- 1.005) 0.088
Acute myocardial infarction (men) 8 10 −2 (−20 %) — * 0.949 (0.897- 1.004) 0.070
Acute myocardial infarction (women) 7 9 −2 (−22 %) — * 0.986 (0.928- 1.048) 0.646
Heart failure (total) 16 20 −4 (−20 %) 0 −0.55 0.941 (0.906-0.977) 0.002**
Heart failure (men) 11 9 2 (22 %) — * 0.977 (0.932- 1.024) 0.329
Heart failure (women) 5 12 −7 (−58 %) 0 −0.61 0.896 (0.840-0.957) <0.001**
Cerebral vascular accident (total) 31 28 3 (11 %) — * 0.981 (0.953- 1.009) 0.183
Cerebral vascular accident (men) 17 14 3 (21 %) — * 0.978 (0.941- 1.017) 0.260
Cerebral vascular accident (women) 14 14 0 (0 %) — * 0.984 (0.944- 1.026) 0.460
*Pearson correlation<0.40, ** P < 0.05
a Excess mortality and admissions during the heat wave that occurred from 11 July 2006 to 18 July 2006, calculated according to heat index
b Estimated lag time for mortality and morbidity for all-ages during the heat wave week, the previous week and following week
c Percentage increase (95 % confidence interval) in daily mortality and morbidity for a 1°C increase in heat index, for all-ages, during the heat wave
week, the previous week and following week
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to assess respiratory morbidity. The heat index is an alert
system that combines temperature with humidity, generating
an apparent temperature and corresponding physiological
limits (Kovats and Ebi 2006). However, the capacity to
evaluate susceptibility to extreme events requires the study
of alerting systems that better translate into health effects.
There are other alerting systems for heat waves, it being
possible to differentiate between those that simply use the
temperature above certain limits (Koppe et al. 2003) and
those including synoptic methods associated to specific air
masses that explain high mortality days, as well as those
presenting temporal series models, capable of describing a
relationship between thermal discomfort and mortality in a
more revealing way (Kyselý 2004).
Mortality/morbidity excess (all-ages)
Comparison of observed and expected mortality/morbidity
during the 2006 heat wave revealed a mortality excess of
52 % (107 admissions), a morbidity (all-causes) excess of
1 % (25 hospital admissions), a respiratory morbidity excess
of 49 % (67 hospital admissions) and a circulatory morbidity
excess of 6 % (14 hospital admissions) in the GMAP area.
The excess mortality associated with extreme heat cli-
matic episodes seen in our study was also reported in several
other European countries during the 2003 and 2006 heat
waves (Nogueira et al 2005; Simon et al. 2005; Conti et al.
2005; Johnson et al. 2005; Garssen et al. 2005 and Grize et
al. 2005; Fouillet et al. 2006).
Table 2 Percentage increase
(95 % confidence interval) in
all-causes mortality, all-causes
morbidity, respiratory morbidity
and circulatory morbidity for a
1°C increase in Heat Index,
adjusted by each individual
pollutant, for all-ages population
* P < 0.05
Diagnosis RR (95 % CI) P RR (95 % CI) P
Heat index Heat index
+ Ozone + Particulate matter
All-causes mortality
All 1.006 (0.992-1.021) 0.414 1.040 (1.023-1.056) <0.001*
All-causes morbidity
All 0.992 (0.987-0.997) 0.001* 0.961 ( 0.956- 0.967) <0.001*
Men 0.993(0.986-1.000) 0.052 0.961 (0.952-0.970) <0.001*
Women 0.991 (0.985-0.998) 0.008* 0.962 (0.954-0.970) <0.001*
Respiratory morbidity
All 0.994 (0.976-1.012) 0.503 1.018 (0.998-1.039) 0.082
Men 0.993 (0.970-1.012) 0.527 1.019 ( 0.992-1.045) 0.168
Women 0.996 (0.968-1.025) 0.774 1.018 (0.985-1.051) 0.288
Circulatory morbidity
All 0.989 (0.974-1.004) 0.149 0.975(0.957-0.993) 0.007*
Men 0.993 (0.976-1.014) 0.529 0.965(0.940-0.991) 0.009*
Women 0.984 (0.973-1.004) 0.156 0.985 (0.960-1.011) 0.250
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Fig. 3 Number of deaths and
admissions in the population
aged 75 years and above during
the extreme heat event (11–18
July 2006), the previous week
(3–10 July 2006) and the
following week (19–26 July
2006)
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The highest number of deaths relative to the number
expected presented a maximum correlation on the 3rd day,
where the value of the heat index was greater than or equal
to 42°C. Thereafter, this association decreased, as was also
observed in the study of Kyselý (2004). The high excess
mortality experienced during the extreme heat event, and the
quantification of its growth (2.7%) for each 1°C increase of the
heat index is also similar to the results presented in the study of
Almeida et al (2010), which refers to an excess of 2.1 %.
From the studied causes of morbidity, general respiratory
causes and specific associated causes, namely, COPD, revealed
an admission excess during the heat wave of July 2006. This
result is consistent with previous studies relating heat waves
with mortality due to respiratory diseases. Other authors have
reported similar results while revealing a mortality excess due
to respiratory causes during heat wave episodes (Kilbourne
1999; Rey et al. 2007). Likewise, Huynen et al. (2001) found
an association between increased mortality due to respiratory
causes and different heat waves registered in Holland. Hertel et
al. (2009) observed an association between respiratory causes
and the 2003 heat wave in Germany.
In our study, the maximum number of admissions for
respiratory conditions and COPD was seen mainly on the
4th consecutive day with heat index greater than or equal to
42°C. This latter result seems to be concordant with the
study of Mastrangelo et al. (2007), which verified the exis-
tence of an association between hospital admissions due to
respiratory diseases and sequences of at least 4 days with
Humidex index above 40°C in the summers of 2002 and
2003 in the Veneto Region of Italy.
Table 3 Excess mortality and morbidity for the older population (≥ 75 years) during the heat wave that occurred from 11 July 2006 to 18 July 2006
calculated according to heat index
Diagnosis O E Excess (95 % CI) Lag time (days) r RR (95 % CI) ρ
Excess Pearson Correlation Poisson Regression
Mortality* b b b b b b b
All-cause morbidity (total) 484 397 87(22 %) 4 0.42 1.001 (0.994- 1.008) 0.796
All-cause morbidity (men) 187 172 15 (9 %) — * 0.992 (0.981- 1.00) 0.172
All-cause morbidity (women) 297 224 73 (33 %) 1 0.55 1.007 (0.998- 1.017) 0.128
Respiratory disease (total) 113 54 59 (109 %) 4 0.74 1.033 (1.017- 1.050) <0.001**
Respiratory disease (men) 53 28 25 (89 %) 2 0.56 1.027 (1.004 -1.051) 0.023**
Respiratory disease (women) 60 25 35 (140 %) 4 0.78 1.039 (1.016- 1.063) <0.001**
Pneumonia (total) 25 11 14 (127 %) 5 0.58 1.027 (0.993- 1.062) 0.127
Pneumonia (men) 12 5 7 (140 %) 2 0.60 1.038 (0.986- 1.092) 0.153
Pneumonia (women) 13 6 7 (117 %) 5 0.44 1.018 (0.973- 1.065) 0.438
COPD (total) 12 6 6(100 %) 2 0.59 1.070 (1.011-1.132) 0.019**
COPD (men) 5 4 1 (20 %) 2 0.45 1.053 (0.974- 1.138) 0.196
COPD (women) 7 2 5 (250 %) 2 0.44 1.090 (1.003-1.185) 0.042**
Circulatory disease (total) 63 62 1 (2 %) 0 −0.45 0.979 (0.961- 0.997) 0.026**
Circulatory disease (men) 27 25 2 (13 %) — * 0.974 (0.947-1.000) 0.054
Circulatory disease (women) 36 37 −1 (−3 %) — * 0.984 (0.958- 1.010) 0.223
Acute myocardial infarction (total) 5 8 3 (−38 %) — * 0.960 (0.900- 1.025) 0.225
Acute myocardial infarction (men) 1 3 −2 (−67 %) — * 0.921 (0.814-1.041) 0.186
Acute myocardial infarction (women) 4 5 −1 (−20 %) — * 0.982 (0.909- 1.062 0.656
Heart failure (total) 11 13 2 (−15 %) 0 −0.52 0.952 (0.911 -0.995) 0.028**
Heart failure (men) 7 4 3 (75 %) 3 −0.43 0.999 (0.942- 1.059) 0.964
Heart failure (women) 4 8 −4 (−50 %) 0 −0.59 0.907 (0.845- 0.974) 0.007
Cerebral vascular accident (total) 14 13 1 (8 %) 3 −0.4 0.987 (0.948- 1.028) 0.537
Cerebral vascular accident (men) 7 5 2 (40 %) — * 0.986 (0.933- 1.043) 0.628
Cerebral vascular accident (women) 7 8 −1 (13 %) — * 0.988 (0.932- 1.048) 0.699
*Pearson correlation<0.40, ** P < 0.05
a Excess admissions during the heat wave of 11–18 July 2006, calculated according to heat index, for the older population (≥ 75 years)
b Estimated lag time for mortality and morbidity in the older population (≥ 75 years), during the heat wave week, the previous week and following
week
c Percentage increase (95 % confidence interval) in daily mortality and morbidity for a 1°C increase in heat index, in the older population (≥
75 years), during the heat wave week, the previous week and following week
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A possible explanation can be found in an idea presented
by Mastrangelo et al. (2007), stating that the ideal condi-
tions for increasing hospital admissions are a sequence of at
least 4 consecutive hot and humid days. As the author states,
from a physiological point of view, respiratory difficulty
occurs as a result of the accumulation of heat and humidity
over time. Simultaneously, evaporative capacity is reduced,
making an organism’s sudation and cooling functions less
effective. Simultaneously, evaporation capacity becomes
smaller, making it difficult for an organism’s sudation and
cooling functions to occur (Frota and Schiffer 1987).
In our study, for each 1°C increase in the heat index, a
1.7 % growth in respiratory morbidity was registered, which
is slightly less than the respiratory mortality rate reported by
Almeida et al. (2010). In his study, an increase of 1°C in the
daily average apparent temperature corresponded to an in-
crease of 2.7 % in mortality due to respiratory causes during
the hot season.
Myocardial infarction, which belongs to the group of
cardiovascular diseases, shows a lag period of 0 days be-
tween the beginning of the extreme heat episode and hospi-
tal admissions, with admissions diminishing from the 1st
day of the extreme event onwards. For each increase in 1°C
of the heat index, a decay in admissions of 5.9 % was
registered. This fact is corroborated by a study performed
in 12 European cities, which found that an increase in high
temperatures contributed to an increase in cardiovascular
mortality without seeing an increase in morbidity due to
cardiovascular causes (Michelozzi et al. 2009). The extreme
heat phenomenon can cause an increase in the immediate
death of individuals suffering from heart failure, conse-
quently decreasing the capacity of these individuals to arrive
at hospital admission centers in time. This idea seems to
concur with other studies that highlight the underestimation
of circulatory causes. Several studies performed in different
geographical contexts, e.g., London (Kovats and Ebi 2006),
Veneto (Mastrangelo et al. 2007), Chicago (Semenza et al.
1996; Whitman et al. 1997), Madrid (Linares and Díaz
2007) and Holland (Huynen et al. 2001) found that the time
between exposure to heat and death due to circulatory
causes is short. Therefore, the immediate effect of heat on
the human organism will contribute towards an apparent
reduction in the hospitalization of these individuals.
Our results allow a small distinction to be made between
the heat waves’ effects according to gender and for the
general population irrespective of age, namely, for excess
admissions due to respiratory disease and COPD in women.
An analogous excess mortality occurred in France during
the 2003 heat wave (Pirard et al. 2005), and in Chicago
during the 2005 heat wave (Whitman et al. 1997) effects
were higher among Women. However, other studies (Ellis
and Nelson 1975; Ellis et al. 1975) evaluating the effects of
heat on mortality in New York during the 1970s saw no
differences between genders. Considering these differences
between results, there is still no consensus on the effects of
heat waves according to gender (Basu and Samet 2002). No
significant increase relative to expected admissions was
observed for general circulatory diseases and cerebral vas-
cular accidents, either for total admissions or for admissions
by gender during the heat wave. However, admissions due
to heart failure in women decreased by 10.4 % (95 % CI:
0.84, 0.96) for each 1°C increase in the heat index. The
addition of ozone to the heat index led to a decrease in the
effect of all-cause morbidity in our study, which is in accor-
dance with the results of Bouchama and Knochel (2002), but
opposite to results published by theWorld Health Organization
Table 4 Percentage increase
(95 % confidence interval) in
all-causes mortality, all-causes
morbidity, respiratory morbidity
and circulatory morbidity for a
1°C increase in heat index,
adjusted by individual pollutant,
in the older population
(≥ 75 years)
* P < 0.05
Diagnosis RR (95 % CI) ρ RR (95 % CI) ρ
Heat index Heat index
+ Ozone + Particulate matter
All-causes morbidity
All>74 years 0.993(0.988-1.006) 0.192 0.975 (0.962-0.988) <0.001*
Men>74 years 0.991 (0.977-1.005) 0.262 0.971 (0.962-0.992) 0.006*
Women>
74 years
0.994 (0.988-1.013) 0.444 0.977 (0.960-0.994) 0.009*
Respiratory morbidity
All>74 years 1.012 (1.000-1.044) 0.355 1.034 (1.005-1.064) 0.019*
Men>74 years 1.001 (0.982-1.045) 0.978 1.038 (0.997-1.080) 0.070
Women>
74 years
1.023 (1.001-1.062) 0.201 1.031 (0..991-1.073) 0.131
Circulatory morbidity
All>74 years 0.977 (0.979-1.005) 0.092 0.968 (0.936-1.001) 0.058
Men>74 years 0.992 (0.951-1.015) 0.661 0.972 (0.926-1.012) 0.249
Women>74 years 0.961 (0.996-1.067) 0.052 0.9764(0.919-1.011) 0.130
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(WHO 2004) and Anderson et al. (1996), which concluded that
total daily mortality is expected to increase with increasing
ozone levels.
The inclusion of air pollutants to study their confounding
and modifying effects revealed a significant effect when
adjusting for PM10 for all-cause mortality. The influence of
PM10 is consistent with that reported by Stedman (2004),
who observed a mortality excess during high PM10 concen-
trations. However, this result differs from other studies
(Almeida et al. 2010; Basu et al. 2008) which found no
significant association between mortality and apparent tem-
perature when considering PM10 in Porto and California,
respectively.
Morbidity excess>75 years
The results from this study also reveal a significant increase
in admission for some respiratory diseases (3.3 %) and
COPD (7.0 %) in people over 74 years of age during the
heat wave period. Admissions for respiratory causes in
individuals older than 74 years show an equal or smaller
lag period in relation to the general population. This fact
seems to demonstrate the effect of heat in the aged human
body, which shows a higher vulnerability in individuals
aged more than 74 years.
Excess hospital admissions for individuals in this age
group due to all circulatory causes, pneumonia, myocardial
infarction, and cerebral vascular accident were not observed.
The number of heart failure admissions during the July 2006
heat episode revealed a decrease. This morbidity behavior in
the most fragile individuals, such as the elderly, corroborates
the idea that intense heat will potentiate immediate death in
individuals susceptible to the development of circulatory
diseases. The effects of heat wave episodes are more evident
in the elderly population, as higher temperature increases
blood viscosity, precipitating an increase in thrombosis and
a deficiency in thermoregulatory function (Keatinge et al.
1986). One possible explanation for deaths could be the
existence of a heart failure excess in individuals of advanced
age. This can be explained by an age-related decrease in
filling during the left ventricular diastole, limiting cardiac
debt and cardiac frequency during rest or physical exercise
(Schulman et al. 1992; Kenney 1997). Another possibility is
based on the fact that age also leads to lower activity of
cutaneous vessels, limiting the body’s capacity to disperse
heat from the body’s core to the skin at times of intense heat
(Rooke et al. 1994). The higher risk of death by heart failure
in the elderly can be due to the fact that this group generally
exhibits inadequate water consumption during high thermal
stress conditions when heat strikes, which contributes to-
wards a lower adaptation (Semenza et al. 1999).
Morbidity due to all causes in the group of individuals
aged more than 74 years revealed a statistically significant
increase for the female gender in admissions for general
respiratory diseases and pneumonia. Other studies have
highlighted older women as the group with the highest
mortality proportion in extreme heat situations (Klinenberg
2002; Whitman et al. 1997). The fact that women have a
higher average life expectancy than men is considered as
one possible explanation for this higher mortality and ad-
mission rate (Fouillet et al. 2006). However, this argument
was not supported in our study, which included comparison
between samples with the same characteristics at distinct
temporal moments.
The association of PM10 with the heat index in order to
study its modifying effects found, in our study, an increasing
effect on respiratory morbidity in the older population
(> 74 years). However, a study by Almeida et al. (2010)
observed that inclusion of particulate matter in the analysis
revealed a decreasing effect of the respiratory morbidity in
individuals above 65 years of age.
Final considerations
Firstly, in the context of a temperate Mediterranean climate
during days with high apparent temperature, all-causes mor-
tality, and admissions due to all respiratory causes and COPD
increased significantly for the general population. For the
group including all-ages, between-gender differences were
significant for morbidity due to respiratory disease, COPD
and heart failure.Womenwere most affected by all respiratory
causes and COPD on such days. Admissions due to all-causes
of morbidity for men and admissions due to heart failure for
women decreased during this extreme heat climatic event.
For the age group above 74 years of age, respiratory
morbidity increased not only for women but also for men.
Admissions for COPD were more evident in older women
than in older men. Admissions due to circulatory and heart
failure in the older population decreased during the heat
wave, probably due to an immediate increase in mortality
due to these causes. However, we suggest that future studies
investigate the relationship between heat waves in mortality
and morbidity from both causes simultaneously.
Secondly, the lag time between the extreme heat event of
July 2006 revealed an association with total mortality for
3 days. Mortality of the general population due to all causes,
pneumonia and COPD revealed a slightly higher lag period
of 4 days. The lag time seems to be somewhat reduced
(2 days) for admissions due to respiratory causes in those
aged above 74 years.
Thirdly, only PM10 constituted an aggravating factor in
all-causes mortality of individuals for the entire population
and an aggravating factor in the respiratory morbidity for the
population above 74 years of age when added to the heat
index effect. Ozone levels did not exacerbate the human
health impact of heat waves in our study.
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Strategies for prevention of, or minimizing, excess mor-
tality and morbidity in extreme heat events aimed at mini-
mization of vulnerability require the inclusion of preventive
measures that attribute specific importance to risk groups,
implying knowledge of the local population’s characteristics
(Michelozzi et al. 2006). Transfer of this information to
public in general, and to the age groups at risk in particular,
assumes great importance. It is important to inform the
population about the main symptoms of the effects of heat
in health (Naughton et al. 2002). Recognition of the effects
of heat in health could contribute towards modification of
risk behaviors, as well as to the awareness of the physical
symptoms of exposure to heat, which could contribute to
activating faster intervention mechanisms when emergency
situations occur. In the case of the population’s most vul-
nerable groups, such as older people and patients, daily
surveillance of their physical condition and their environ-
mental context by family, neighbours or care assistants is of
fundamental importance.
Limitations
The first limitation of this study results from the fact that it did
not include data on the causes of mortality, which complicates
understanding of the decrease in circulatory morbidity and
heart failure morbidity. It is however necessary to investigate
the consequences of these events according to their patholog-
ical causes, even for mortality or morbidity simultaneously, as
they might demand different intervention strategies. The sec-
ond limitation lies in the fact that the effects of the urban heat
island on excess mortality and morbidity have not been studied
when heat waves occur in urban areas. Although such factors
can impact on excess mortality and morbidity (Buechley et al.
1972; Tan et al. 2007), the required climatic data for the study
period and locations inside Porto were unavailable.
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